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(54) Photovoltaic module and power generation system 



(57) A photovoltaic module (M) comprises a trans- 
parent substrate (11), a plurality of photovoltaic cells 
(12) formed on the back surface of the substrate (11), 
busbars (13) each including a busbar body (13a) con- 
nected electrically to the photovoltaic cells (1 2), an elec- 
trical insulating filler (14) covering the photovoltaic cells 
(1 2) and the busbar bodies (1 3a), a spacer (15), and a 
cover film (16) covering the filler (14). Each busbar (13) 



integrally includes the busbar body (1 3a) and an exten- 
sion (13b) long enough to project from one end of the 
transparent substrate (11). The busbar extensions 
(1 3b), which serve as output fetching lines, are bent 
along the spacer (15), and their respective output end 
portions (1 3b$) are drawn out through the cover film 
(16). The output end portions (13b 3 ) are connected in- 
dividually to terminals (18) of a terminal box (17). 
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Description 

[0001] The present invention relates to photovoltaic 
modules set on, for example, a roof of a building, and 
more particularly, to photovoltaic modules with an im- s 
proved output fetching wiring unit and a power genera- 
tion system using the same. 

[0002] The output of a crystalline or amorphous pho- 
tovoltaic module is conducted to the outside through ter- 
minals that are set on the back surface of the module. 
In general, there are two types of terminals, ones for 
positive and negative electrodes. In some cases, these 
terminals are housed in a terminal box as it is called. A 
terminal box of one known type can contain therein both 
the terminals for positive and negative electrodes, while 
another type is designed to contain each of these termi- 
nals. A conduction path which is connected to each ter- 
minals for the module output is described in Jpn. Pat. 
Appln. KOKAI Publication No. 10-256578. This conduc- 
tion path is an output fetching wiring unit that includes 
a pair of busbars, positive and negative, attached indi- 
vidually to the opposite ends of the photovoltaic module. 
In the conventional wiring unit described in the KOKAI 
Publication ('578), metallic foils on the back surface of 
the photovoltaic module and the busbars are connected 
electrically to one another by means of an electrically 
conductive material such as electrically conductive 
paste. Lead wires that serve as output fetching lines are 
soldered to the metallic foils, individually. These lead 
wires are drawn out of the module through a protective 
film (cover film) on the back surface of the photovoltaic 
module. The lead wires are connected individually to ter- 
minals of a terminal box or the like that is provided on 
the back surface of the photovoltaic module, if neces- 
sary. 

[0003] In an output fetching wiring unit described in 
Jpn. Pat. Appln. KOKAI Publication No 9-326497, as 
shown in FIGS. 24A to 24C, one end portion of each 
lead wire as an output fetching line is soldered to each 
of positive and negative busbars 200 and 201 that are 
attached individually to the opposite ends of a photo- 
voltaic module. The respective other end portions of the 
lead wires 202 are drawn out through a protective film 
(cover film) 203 on the back surface of the photovoltaic 
module and soldered individually to terminals of the ter- 
minal box. 

[0004] Conventionally, if the wiring direction of the 
output fetching wiring unit is expected to be changed, 
first and second electrically conductive members that 
are independent of each other are arranged in a manner 
such that their respective end portions continuously ex- 
tend at a given angle to each other, and their overlaps 
are soldered. 

[0005] In the conventional output fetching wiring unit 
constructed in this manner, there is a lot of soldering 
spots that connect the busbars of the photovoltaic mod- 
ule and the terminal box, and there are also soldering 
spots in a region where the wiring direction changes. 



Soldering, which is poor in working efficiency, may 
cause electrical connection failure. In consequence, the 
connection is not very reliable, the yield is poor, and the 
manufacturing cost is high. 

[0006] Accordingly, the object of the present invention 
is to provide photovoltaic modules and a power gener- 
ation system, improved in quality and yield and towered 
in manufacturing cost. 

[0007] In order to achieve the above object, according 
to the present invention, there is provided a photovoltaic 
module with a plurality of photovoltaic cells, which com- 
prises a busbar body connected electrically to the pho- 
tovoltaic cells and an extension extending integrally 
from the busbar body and serving as an output fetching 
line. According to the invention, the busbar that is con- 
nected to the photovoltaic cells doubles as an output 
fetching line, so that any other output fetching lines to 
be prepared independently of the busbar need not be 
soldered to the busbar. Thus, the number of soldering 
spots in an output fetching wiring unit can be reduced. 
[0008] More specifically, the photovoltaic module ac- 
cording to the invention comprises a transparent sub- 
strate, the photovoltaic celts arranged on the back sur- 
face of the transparent substrate, an electrical insulating 
filler covering the respective back surfaces of the pho- 
tovoltaic cells, a cover film covering the filler, and the 
busbar including the busbar body connected electrically 
to the photovoltaic cells and embedded in the filler and 
the extension long enough to project from one end of 
the transparent substrate, the extension being drawn 
out through the cover film. The filler functions as an ad- 
hesive for bonding the back surfaces of the photovoltaic 
cells and the cover film. 

[0009] According to the invention, the busbar itself 
doubles as an output fetching line, so that it is unneces- 
sary to prepare any other output fetching lines inde- 
pendent of the busbar or to solder the output fetching 
lines. Thus, the necessary number of soldering spots for 
the output fetching wiring unit can be reduced. Since the 
extension of the busbar, which serves as the output 
fetching line, is turned up on the back surface of the pho- 
tovoltaic module, it can be confined within the outer pe- 
ripheral contour of the transparent substrate. Besides, 
these busbar extensions can be easily connected to ter- 
minals that are arranged on the back surface of the mod- 
ule. 

[0010] A spacer of an electrical insulating material 
may be used according to the invention. The spacer is 
put on an end portion of the busbar body. The busbar 
extension is bent along the spacer and drawn out of the 
cover film through a through hole in the cover film. An 
electrical insulating sheet, such as a nonwoven fabric of 
fiberglass or an insulating resin (e.g. polyvinyl fluoride), 
may be used for the spacer. In order to improve the elec- 
trical insulating properties further, an electrical insulat- 
ing synthetic resin, such as polyvinyl fluoride, may be 
used for the cover film. Since longitudinally intermediate 
portions of the busbar extension are buried in the filler 
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according to the invention, a bng sealing distance can 
be secured for the output fetching line (busbar exten- 
sion), so that the water resistance is improved. In the 
case of the electrical insulating spacer is interposed be- 
tween the busbar extension and the photovoltaic cells, s 
moreover, an electrical short circuit between the output 
fetching line and the cells can be prevented securely. 
[0011] According to the invention, the busbar exten- 
sion may be formed having a bent portion turned down 
to change the course in the middle in its longitudinal di- io 
rectbn so that the wiring direction of the output fetching 
line can be changed at the bent portion, with this ar- 
rangement, it is unnecessary to prepare any electrically 
conductive member in the region where the direction of 
the output fetching line changes or to solder the conduc- is 
five member. 

[0012] A power generation system according to the 
invention comprises the photovoltaic module as a gen- 
erating element in a roofing material or the like. The gen- 
erating element may be incorporated in a tile body that 20 
constitutes a roofing tile. 

[001 3] According to the photovoltaic module and the 
power generation system of the invention, the number 
of soldering spots in the output fetching wiring unit is 
reduced, so that the incidence of failure attributable to 2s 
soldering is lowered. Thus, the quality and yield of the 
photovoltaic module, as well as the workability of the wir- 
ing unit, are improved, so that the manufacturing cost 
can be lowered. 

[0014] This summary of the invention does not nec- 30 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0015] The invention can be more fully under stood 
from the following detailed description when taken in 35 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a rear plan view of a photovoltaic module 
according to a first embodiment of the present in- 
vention; 40 
FIG. 2A is a sectional view of a part of the photo- 
voltaic module taken along line Z-Z of FIG. 1; 
FIG. 2B is a sectional view of a part of the photo- 
voltaic module taken along line Z'-Z' of FIG. 1 ; 
Fl G. 3 is a sectional view of a part of the photovoltaic 45 
module taken along line Y-Y of FIG. 1 ; 
FIG. 4 is a perspective view of a combination of pho- 
tovoltaic cells, busbars, etc., showing a first process 
for obtaining an output fetching wiring unit accord- 
ing to the first embodiment; 
FIG. 5 is a perspective view of a combination of a 
filler sheet, busbars, etc., showing a second proc- 
ess for obtaining the wiring unit according to the first 
embodiment; 

FIG. 6 is a perspective view of a combination of a 55 
spacer, busbar extensions, etc., showing a third 
process for obtaining the wiring unit according to the 
first embodiment; 



FIG. 7 A is a perspective view of the combination of 
the spacer, busbar extensions, etc., showing a 
fourth process for obtaining the wiring unit accord- 
ing to the first embodiment; 
FIG. 7B is a plan view of a part of the combination 
of the spacer, busbar extensions, etc. shown in FIG. 
7A; 

FIG. 8A is a perspective view of the combination of 
the spacer, busbar extensions, etc., showing a fifth 
process for obtaining the wiring unit according to the 
first embodiment; 

FIG. 8B is a perspective view showing a modifica- 
tion of the filler sheet shown in FIG. 8A; 
FIG. 9 is a perspective view of a combination of a 
cover film, busbar extensions, etc., showing a sixth 
process for obtaining the wiring unit according to the 
first embodiment; 

FIG. 10 is a perspective view of the combination of 
the cover film, busbar extensions, etc., showing a 
seventh process for obtaining the wiring unit ac- 
cording to the first embodiment; 
FIG. 11 is a plan view of a combination of photo- 
voltaic cells and busbars, showing a first process 
for obtaining an output fetching wiring unit of a pho- 
tovoltaic module according to a second embodi- 
ment of the invention; 

FIG. 12 is a plan view of a combination of a filler 
sheet and busbar extensions, showing a second 
process for obtaining the wiring unit according to the 
second embodiment; 

FIG. 1 3 is a plan view of a combination of spacers, 
busbar extensions, etc., showing a third process for 
obtaining the wiring unit according to the second 
embodiment; 

FIG. 14A is a plan view of the combination of the 
spacers, busbar extensions, etc., showing a fourth 
process for obtaining the wiring unit according to the 
second embodiment; 

FIG. 14B is an enlarged plan view of the combina- 
tion of the spacers, busbar extensions, etc. shown 
in FIG. 14A; 

FIG. 15 is a plan view of the combination of the 
spacers, busbar extensions, etc., showing a fifth 
process for obtaining the wiring unit according to the 
second embodiment; 

FIG. 16 is a plan view of a combination of a cover 
film, busbar extensions, etc., showing a sixth proc- 
ess for obtaining the wiring unit according to the 
second embodiment; 

FIG. 1 7 is a plan view of the combination of the cov- 
er film, busbar extensions, etc., showing a seventh 
process for obtaining the wiring unit according to the 
second embodiment; 

Fl G . 1 8A is a plan view of a combination of a spacer, 
busbar extensions, etc., showing a fourth process 
for obtaining an output fetching wiring unit of a pho- 
tovoltaic module according to a third embodiment 
of the invention; 
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FIG. 18B is a sectional view of the photovoltaic 
module taken along line X X of FIG. 18A; 
Fl G. 1 9 A is a plan view of a combination of spacers, 
busbar extensions, etc., showing a fourth process 
for obtaining an output fetching wiring unit of a pho- 
tovoltaic module according to a fourth embodiment 
of the invention; 

FIG. 19B is a sectional view of the photovoltaic 
module taken along line W-W of FIG. 1 9A; 
FIG. 20 A is a plan view of a combination of a spacer, 
busbar extensions, etc., showing a fourth process 
for obtaining an output fetching wiring unit of a pho- 
tovoltaic module according to a fifth embodiment of 
the invention; 

FIG. 20B is a sectional view of the photovoltaic 
module taken along line V-V of FIG. 20A; 
FIG. 21 is a plan view of an output fetching wiring 
unit of a photovoltaic module according to a sixth 
embodiment of the invention; 
FIG. 22 is a perspective view schematically show- 
ing an external appearance of a building furnished 
with a power generation system; 
FIG. 23 is a perspective view of a roofing material 
for the building shown in FIG. 22; and 
FIGS. 24A, 24B and 24C are perspective views in- 
dividually showing processes for obtaining an out- 
put fetching wiring unit of a conventional photovolta- 
ic module. 

[001 6] A first embodiment of the present invention will 
now be described with reference to the accompanying 
drawings of FIGS. 1 to 10, 22 and 23. 
[0017] FIG. 22 shows a building 1, e.g., a house, 
which is furnished with a power generation system. A 
roof 2 of the building 1 carries thereon the power gen- 
eration system, which comprises a large number of pho- 
tovoltaic roofing tiles 3 that serve as generating ele- 
ments. As shown in FIG. 23, each roofing tile 3 includes 
a photovoltaic module M that is incorporated in a tile 
body 4. The module M need not always be incorporated 
in the tile body 4. For example, the module M may be 
fitted with a frame or some other attachment so that it 
can be used directly as a roofing material. Alternatively, 
the modu le M may be set on a roof with the aid of a rack. 
[001 8] Fl G. 1 is a rear view of the photovoltaic module 
M. As shown in FIGS. 2A, 2B and 3, the photovoltaic 
module M is provided with an optically transparent sub- 
strate 1 1 , a plurality of photovoltaic cells 1 2 arranged on 
the back surface of the substrate 11 , a pair of busbars 
1 3 for positive and negative electrodes, an electrical in- 
sulating filler 14, electrical insulating spacer 15, cover 
film 16, and terminal box 17, etc. 
[0019] The transparent substrate 11 is formed of, e. 
g., a glass plate as an electrical insulating material. A 
plurality of photovoltaic cells 12 are arranged all over 
the back surface of the substrate 11 except the region 
around the substrate 11. These cells 12 may be either 
crystalline or amorphous cells. According to the present 



embodiment, the photovoltaic cells 12 are amorphous 
cells. As shown in FIGS. 2A and 2B, each photovoltaic 
cell 1 2 is composed of an optically transparent electrode 
layer 12a formed on the back surface of the substrate 

s 1 1 , a semiconductor layer 1 2b formed of amorphous sil- 
icon or the like, a back electrode layer 1 2c, etc. The filler 
14 functions as an adhesive for bonding the electrode 
layer 12c of the photovoltaic cells 12 and the cover film 
16. As shown in FIG. 3, the cells 12, which constitute a 

10 unit cell S, are formed so as to be arranged in a row by 
patterning using a laser or the like. The respective sem- 
iconductor layers 12b of the photovoltaic cells 12 inte- 
grated in this manner are connected electrically in series 
with one another through their corresponding transpor- 
ts ent electrode layers 1 2a and back electrode layers 1 2c. 
Each back electrode layer 12c is formed of a metallic 
foil or electrically conductive paste. 
[0020] Each of the paired busbars 1 3, which serve as 
electrodes for fetching the output of the photovoltaic 

20 module M, includes a busbar body 1 3a and an extension 
13b that functions as an output fetching line. The re- 
spective busbar bodies 1 3a of the paired busbars 1 3 are 
connected electrically to the respective electrode layers 
12a or 12c of the paired photovoltaic cells 12 that are 

25 situated individually at the opposite side portions of the 
unit ceil S. As shown in FIG. 1 , the respective extensions 
13b of the busbars 13 for positive and negative elec- 
trodes are connected individually to terminals 18 of the 
terminal box 1 7 by means of solder 23. The terminal box 

30 17 js located in the central portion of the back surface 
of the photovoltaic module M, for example. 
[0021] The filler 1 4 covers the respective back surfac- 
es of the photovoltaic cells 12 and the busbar bodies 
1 3a. Although EVA (ethylene-vinyl acetate copolymer) 

35 is used for the filler 1 4 according to the present embod- 
iment, an electrical insulating material, such as PVB 
(polyvinyl butyral), silicone resin, etc., may be used in- 
stead. 

[0022] The spacer 1 5 is interposed between the pho- 

40 tovoltaic cells 12 and the busbar extensions 13b. The 
spacer 15 may be formed of an electrical insulating ma- 
terial, preferably an electrical insulating material (e.g., 
nonwoven fabric of fiberglass) that can be impregnated 
with the heated fused filler 14. In order to enhance the 

45 insulating performance of the spacer 1 5, the spacer 1 5 
may be formed of the same material as the cover film 1 6. 
[0023] The cover film 16, which serves as an electrical 
insulating protective layer, is put on the back surface of 
the filler 1 4. The cover film 1 6 is formed of an insulating 

50 fj|m, such as a fluorine-based film such as polyvinyl flu- 
oride, or PET film, which has high moisture vapor resist- 
ance and high water resistance. The cover film 16 may 
be formed of an aluminum foil that is sandwiched be- 
tween insulating films of this type. Alternatively, a sheet 

55 glass may be used in place of the cover film 1 6. 

[0024] Referring now to FIGS. 4 to 10, there will be 
described manufacturing processes for the photovoltaic 
module M. In a first process, as shown in FIG. 4, the 
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paired busbars 1 3 are fixed to the photovoltaic cells 1 2 
on the transparent substrate 11 by soldering. Each bus- 
bar 13 is formed of an electrically conductive material, 
such as a flat-type copper wire having a flat rectangular 
cross section, that is, a metallic bar material that can be 
bent and maintain a bent state. Each busbar 13 has a 
length L greater than that of the substrate 11. The re- 
spective extensions 13b of the busbars 13 project out- 
ward from one end 1 1 a of the substrate 1 1 . Each busbar 
1 3 includes the busbar body 1 3a, which is confined with- 
in the outer peripheral contour of the substrate 11 , and 
the extension 13b, which extends integrally from the 
busbar body 1 3a and projects outward from the one end 
11a of the substrate 11. 

[0025] In a second process, as shown in FIG. 5, a first 
sheet 1 4a for the fi Her 1 4 is put on the cells 1 2. The sheet 
14a, which is formed of EVA (ethylene-vinyl acetate co- 
polymer), for example, is a size larger than the transpar- 
ent substrate 1 1 and has notches 21 at two opposite cor- 
ner portions near the one end lla of the substrate 11. 
The first sheet 14a covers the busbar bodies 13a, and 
the busbar extensions 1 3b project outward from the sub- 
strate 11 through the notches 21, individually. The 
notches 21 serve to prevent the extensions 13b from 
projecting outside the outer peripheral contour of the 
substrate 1 1 even though the extensions 1 3b are turned 
up toward the first sheet 1 4a. Those portions of the bus- 
bar bodies 1 3a which face the notches 21 are not sol- 
dered to the cells 1 2. 

[0026] In a third process, as shown in FIG. 6, the sin- 
gle spacer 1 5 of non woven fiber glass fabric or polyvinyl 
fluoride film is put on a part of the transparent substrate 
11 near the one end lla thereof so as to extend in the 
width direction of the first sheet 14a. A length L1 of the 
spacer 15 is a tittle greater than a width L2 of the first 
sheet 14a. Alternatively, the length L1 may be shorter 
than L2. The spacer 15 is put on the first sheet 14a in a 
manner such that its one side edge 15a extends along 
an edge 21 a of each notch 21 . The spacer 1 5 is possibly 
tacked by means of an adhesive agent or the like that 
is supplied to tacking spots P1 . Alternatively, the spacer 
15 may be tacked at the tacking spots PI by thermally 
fusing some parts of the sheet 14a by means of a spot 
iron or the like. 

[0027] In a fourth process, as shown in FIG. 7 A, the 
busbar extensions 13b are bent so as to be confined 
within the outer peripheral contour of the transparent 
substrate 11. More specifically, each extension 13b is 
first bent at an end of its corresponding busbar body 1 3a 
in the thickness direction of the spacer 15 so as to ex- 
tend along the one side edge 1 5a of the spacer 15 and 
the edge 21a of the corresponding notch 21, and is fur- 
ther bent so as to lie on the back surface of the spacer 
15, whereupon a first laminated portion 13b 1 is formed. 
Then, at each bent portion 13bf, each extension 13b is 
bent at 90° to extend in the longitudinal direction of the 
spacer 1 5, whereupon a second laminated portion 1 3b2 
is formed. Thus, the bent portion 13bf on the boundary 



between the first and second laminated portions 13b 1 
and 13b 2 is turned inside out as the extension 13b is 
bent at 90° on the spacer 1 5. Further, an output end por- 
tion 1 3b 3 is bent so as to rise from the second laminated 
s portion 13b 2 . The respective output end portions 13t>3 
of the paired busbar extensions 1 3b project substantial- 
ly parallel to each other on the back surface of the pho- 
tovoltaic module M. 

[0028] In a fifth process, as shown in FIG. 8 A, a sec- 
io ond sheet 1 4b for the filler 1 4 of EVA is put on the spacer 
15. Since a width L4 of the second sheet 14b is greater 
than a width L5 of the spacer 15, the notches 21 are 
covered by the second sheet 14b. A groove 14b, is 
formed in the central portion of one side edge of the sec- 
15 ond sheet 1 4b. The respective output end portions 1 3i>3 
of the busbar extensions 13b are passed through the 
groove 1 4b 1 . The second sheet 1 4b is put on the spacer 
15 in the direction indicated by arrow Q1 in FIG. 8A. The 
groove 14b t may be replaced with a through hole 14b2 
20 (FIG. 8B) in the sheet 14b into which the busbar exten- 
sions 1 3b are to be inserted. In some cases, the sheet 
14b may be tacked to the spacer 15 with an adhesive 
or by fusing some parts of the sheet by means of a spot 
iron or the like. 

25 [0029] In a sixth process, as shown in FIG. 9, the cov- 
er film 1 6 of polyvinyl fluoride is laid over the sheets 1 4a 
and 1 4b. The cover film 1 6 is a size larger than the first 
sheet 14a. A through hole 16a is bored through an end 
portion of the cover film 16. The paired output end por- 

30 tions 1 3b 3 are passed through the hole 1 6a The cover 
film 1 6 is possibly tacked by means of an adhesive agent 
after it is laid over the sheets 14a and 14b. The cover 
film 1 6 may be tacked to the sheets 1 4a and 1 4b by ther- 
mally fusing some parts of the sheets by means of a 

35 spot iron or the like. 

[0030] In a seventh process, as shown in FIG. 1 0, the 
paired output end portions 13b 3 that project outward 
from the th rough hole 1 6a are bent in opposite directions 
along the cover film 16. The output end portions ISbg 

40 bent in this manner are fixed temporarily to the cover 
film 16 by means of adhesive tapes 22. 
[0031] As these processes are carried out in this man- 
ner, the respective output end portions 1 3D3 of the bus- 
bar extensions 1 3b that double as output fetching lines 

45 are drawn out on the back surface of the cover film 16 
through the through hole 16a. The electrical insulating 
spacer 1 5 is interposed between the busbar extensions 
1 3b and the photovoltaic cells 1 2. The second sheet 1 4b 
and the cover film 16 are stacked in layers on the ex- 

50 tensions 13b. 

[0032] An assembly (semi-finished product for the 
photovoltaic module) that is composed of these laminat- 
ed members is heated in a hot-melt treatment process. 
In this process, the first and second sheets 1 4a and 1 4b 

55 are melted, and the space between the transparent sub- 
strate 11 and the cover film 16 is filled up with the filler 
14. Thus, the respective back surfaces of the photo- 
voltaic cells 12, the busbar bodies 13a, the spacer 15, 
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and the busbar extensions 1 3b except the respective 
output end portions 13b 3 are buried in the filler 14. After 
this hot-melt process, the output end portions 13t>3 are 
connected individually to the terminals 1 8 of the terminal 
box 1 7 by means of the solder 23. The terminal box 1 7 s 
is fixed to the back surface of the photovoltaic module 
with an adhesive or the like. Power cables (not shown) 
are connected individually to the terminals 1 8 of the ter- 
minal box 17 by using fixing means, such as screws, 
soldering, caulking, etc. 

[0033] In an output fetching wiring unit of the photo- 
voltaic module M according to the present embodiment, 
the busbar extensions 13b double as output fetching 
lines, so that output fetching lines independent of the 
busbars 1 3 need not be soldered to the busbars 1 3, and 
therefore, the number of soldering spots of the wiring 
unit can be reduced. Accordingly, the workability of the 
output fetching wiring unit is improved, so that the man- 
ufacture of the photovoltaic module M is facilitated. 
Since the soldering spots are reduced in number, more- 
over, the incidence of conduction failure at the soldering 
spots is lowered. Thus, the quality of the output fetching 
wiring unit and hence that of the photovoltaic module M 
are improved. Since the yield of the photovoltaic module 
M is improved, so that the manufacturing cost can be 
lowered. 

[0034] Since the busbar extensions 1 3b are drawn out 
onto the back surface of the photovoltaic module M 
through the through hole 16a of the cover film 16, the 
respective output end portions 13bg of the extensions 
13b can be easily connected to the terminal box 17 on 
the back surface of the module. Moreover, the respec- 
tive output end portions 1303 of the busbar extensions 
13b can be connected directly to the terminals of the 
terminal box 17. Accordingly, there is no necessity for 
using lead wires, and the number of soldering spots can 
be further reduced. 

[0035] Further, some of the electrical insulating filler 
14 cures after the electrical insulating spacer 15 be- 
tween the busbar extensions 13b and the photovoltaic 
cells 12 is impregnated with it in the hot-melt process, 
so that the spacer 15 can securely insulate the exten- 
sions 1 3b from the photovoltaic ceils 1 2. Since the non- 
woven fabric of fiberglass for the spacer 1 5 can be easily 
impregnated with the filler 14 that is melted in the hot- 
melt process, the spacer 15 can be fully stuffed with the 
filler 14. 

[0036] Since the first and second laminated portions 
13b 1 and 13b 2 in longitudinally intermediate portions of 
each busbar extension 13b are buried in the filler 14, a 
long sealing distance can be secured between the 
through hole 16a of the cover film 16 and each busbar 
body 1 3a. Accordingly, external penetration of water can 
be prevented securely. Thus, corrosion of the busbars 
1 3 or the back electrode layers 1 2c attributable to pen- 
etration of water can be avoided, so that the durability 
of the system is improved. According to the conventional 
method in which the output fetching lines are soldered 



to the busbars, it is laborious to insulate the output fetch- 
ing lines securely from the back electrode layers of the 
photovoltaic cells. According to the present invention, 
however, the insulation between the output fetching 
lines and the back electrode layers of the photovoltaic 
cells is easy. The present invention is particularly useful 
to the automation of a process for forming the output 
fetching wiring unit of the photovoltaic module and a 
process for covering the back surface of the module. 
[0037] FIGS. 11 to 17 show processes for obtaining 
an output fetching wiring unit of a photovoltaic module 
according to a second embodiment of the invention. In 
the description of the second embodiment to follow, like 
reference numerals are used to designate those por- 
tions which are common to the first and second embod- 
iments, and a description of the constructions and func- 
tions of those portions will be omitted. Thus, the follow- 
ing is a description of differences from the first embod- 
iment. 

[0038] In a first process, as shown in FIG. 11 , a pair 
of busbars 13 are fixed to photovoltaic cells 12 by sol- 
dering. An extension 13b of each busbar 13 according 
to this embodiment is shorter than the busbar extension 
according to the first embodiment. In a second process, 
as shown in FIG. 12, a first filler sheet 14a is put on the 
respective back surfaces of the cells 12 in the same 
manner as in the first embodiment. 
[0039] In a third process, as shown in FIG. 13, two 
short spacers 15 are put on the first sheet 14a. These 
spacers 1 5 are spaced in the width direction of a trans- 
parent substrate 11. In a fourth process, as shown in 
FIGS. 1 4A and 1 4B, the busbar extensions 1 3b are bent 
in the same manner as in the first embodiment. As this 
is done, first and second laminated portions 13b, and 
1 3b 2 , bent portion 1 3bf , etc. are formed on each spacer 
1 5. A pair of output end portions 1 3bg project on the back 
surface of the photovoltaic module. 
[0040] In a fifth process, as shown in FIG. 15, two 
short second sheets 14b are put on the spacers 1 5, in- 
dividually. These second sheets 14b cover their corre- 
sponding notches 21 (shown in FIG. 14B). A groove 
14b t is formed in each second sheet 14b. Alternatively, 
as shown in FIG. 8B, through holes 1 4b 2 may be formed 
in the sheet 14b. The respective output end portions 
1 3b 3 of the busbar extensions 1 3b, which double as out- 
put fetching lines, are passed through the grooves 1 4^ , 
individually. 

[0041] In a sixth process, as shown in FIG. 1 6, a cover 
film 1 6 is laid over the sheets 1 4a and 1 4b. Two through 
holes 1 6a are bored through the cover film 1 6. The out- 
put end portions 1 3b 3 are passed through the holes 1 6a, 
individually. In a seventh process, as shown in FIG. 17, 
the output end portions 1 3bg are bent along the cover 
film 16 and fixed temporarily to the cover film 16 by 
means of adhesive tapes 22. According to the second 
embodiment described above, the paired output end 
portions 1 3b3 are spaced from each other It is to be de- 
sired, therefore, that terminal boxes for positive and 
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negative electrodes should be provided separately. Fur- 
ther, only terminals may be provided on the back surface 
of the photovoltaic module without using any terminal 
box. 

[0042] The photovoltaic module according to the sec- 
ond embodiment can also achieve the object of the 
present invention for the same reason as the first em- 
bodiment. According to the second embodiment, more- 
over, the extensions 1 3b that double as output fetching 
lines can be made shorter than those of the first embod- 
iment. Thus, the respective areas of the spacers 15 and 
the second sheets 1 4b can be made smaller than in the 
case of the first embodiment, so that the material cost 
and hence the manufacturing cost can be reduced. Be- 
sides, a long insulation distance can be secured be- 
tween the respective output end portions 13t>3 of the 
paired busbar extensions 1 3b that serve as output fetch- 
ing lines. 

[0043] FIGS. 18Aand 18B show one (fourth process) 
of processes for obtaining an output fetching wiring unit 
of a photovoltaic module according to a third embodi- 
ment of the invention. Basically, this embodiment is ar- 
ranged in the same manner as the first embodiment In 
the description to follow, therefore, like reference nu- 
merals are used to designate those portions which are 
common to the first and third embodiments, and a de- 
scription of the constructions and functions of those por- 
tions will be omitted. Thus, the following is a description 
of differences from the first embodiment. First to third 
processes according to the third embodiment are iden- 
tical with the first to third processes (FIGS. 4 to 6), re- 
spectively, according to the first embodiment. 
[0044] In a fourth process according to the third em- 
bodiment, as shown in FIG. 18A, each busbar extension 
1 3b that projects from one end lla of a transparent sub- 
strate 11 is bent on a spacer 15. In this embodiment, 
each first laminated portion 13b-, is turned up on the 
spacer 15 so that it is inclined at an angle 81 of, e.g., 
about 45° to a busbar body 1 3a. Each second laminated 
portion 13b 2 is turned inside out at a bent portion 13bf 
so that it is inclined at an angle 02 of about 1 35° to the 
first laminated portion 13^. As shown in FIG. 18B, a 
pair of output end portions 1 3b 3 are bent so as to project 
substantially parallel to each other above the spacer 1 5. 
In a fifth process, moreover, a second filler sheet 14b is 
put on the spacer 1 5 in the same manner as in the fifth 
process (FIG. 8 A) according to the first embodiment. In 
a sixth process, a cover film 16 is laid over the spacer 
15 in the same manner as in the sixth process (FIG. 9) 
according to the first embodiment. In a seventh process, 
the output end portions 1 3b 3 are bent in opposite direc- 
tions along the cover film 1 6 and fixed temporarily to the 
cover film 1 6 by means of adhesive tapes 22 in the same 
manner as in the seventh process (FIG. 10) according 
to the first embodiment. 

[0045] The photovoltaic module according to the third 
embodiment can also achieve the object of the present 
invention for the same reason as the first embodiment. 



According to the third embodiment, moreover, the first 
laminated portion 1 3b, of each busbar extension 1 3b is 
inclined with respect to its corresponding busbar body 
1 3a, so that the length of the extension 1 3b can be short- 

s ened. Thus, the material cost for the busbars 1 3 can be 
reduced, so that the manufacturing cost can be lowered. 
[0046] FIGS. 1 9A and 1 9B show one (fourth process) 
of processes for obtaining an output fetching wiring unit 
of a photovoltaic module according to a fourth embodi- 

10 ment of the invention. Basically, this embodiment is ar- 
ranged in the same manner as the second embodiment. 
In the description to folbw, therefore, like reference nu- 
merals are used to designate those portions which are 
common to the second and fourth embodiments, and a 

is description of the constructions and functions of those 
portions will be omitted. Thus, the following is a descrip- 
tion of differences from the second embodiment. First 
to third processes according to the fourth embodiment 
are identical with the first to third processes (FIGS. 11 

20 to 13), respectively, according to the second embodi- 
ment. 

[0047] As shown in FIG. 19A, two short spacers 15 
are used in a fourth process according to the fourth em- 
bodiment. Each busbar extension 1 3b that projects from 

2S one end 11a of a transparent substrate 11 is bent on 
each spacer 15. In this embodiment, each first laminat- 
ed portion 1 3b 1 is turned up on its corresponding spacer 
15 so that it is inclined at an angle 91 of, e.g., about 45° 
to a busbar body 13a. Each second laminated portion 

30 1 3b 2 is turned inside out at a bent portion 1 3bf so that 
it is inclined at an angle 62 of about 1 35° to the first lam- 
inated portion 1 3b 1 . As shown in FIG. 1 9B, a pair of out- 
put end portions 1 3D3 are bent so as to project substan- 
tially parallel to each other above the spacer 15. in a 

35 fifth process, moreover, a second filler sheet 14b is put 
on the spacer 1 5 in the same manner as in the fifth proc- 
ess (FIG. 15) according to the second embodiment. In 
a sixth process, a cover film 16 is laid over the spacers 
15 in the same manner as in the sixth process (FIG. 16) 

40 according to the second embodiment. In a seventh proc- 
ess, the output end portions 1 3b 3 are bent in opposite 
directions along the cover film 16 and fixed temporarily 
to the cover film 16 by means of adhesive tapes 22 in 
the same manner as in the seventh process (FIG. 17) 

45 according to the second embodiment. 

[0048] The photovoltaic module according to the 
fourth embodiment can also achieve the object of the 
present invention for the same reason as the second 
embodiment. According to the fourth embodiment, 

so moreover, the first laminated portion 1 3b-, of each bus- 
bar extension 13b is inclined with respect to its corre- 
sponding busbar body 1 3a, so that the length of the ex- 
tension 1 3b can be further shortened. Thus, the material 
cost for the busbars 1 3 can be reduced, so that the man- 

55 ufacturing cost can be further lowered. 

[0049] FIGS. 20A and 20B show one (fourth process) 
of processes for obtaining an output fetching wiring unit 
of a photovoltaic module according to a fifth embodi- 
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ment of the invention. Basically, this embodiment is ar- 
ranged in the same manner as the first embodiment. In 
the description to follow, therefore, like reference nu- 
merals are used to designate those portions which are 
common to the first and fifth embodiments, and a de- 
scription of the constructions and functions of those por- 
tions will be omitted. Thus, the following is a description 
of differences from the first embodiment. First to third 
processes according to the fifth embodiment are identi- 
cal with the first to third processes (FIGS. 4 to 6), re- 
spectively, according to the first embodiment. 
[0050] In a fourth process according to the fifth em- 
bodiment, as shown in FIG. 20A, each busbar extension 
1 3b that projects from one end lla of a transparent sub- 
strate 1 1 is bent so as to extend from a spacer 1 5 toward 
a terminal box 17. In this embodiment, each extension 
1 3b is turned up diagonally or at an angle to its corre- 
sponding busbar body 13a. An output end portion 1303 
of each extension 13b is long enough to reach the ter- 
minal box 17. As shown in FIG. 20B, the respective out- 
put end portions 13b 3 of the paired busbar extensions 
1 3b are bent so as to project substantially parallel to 
each other above the spacer 15. These output end por- 
tions 13b 3 are connected to their corresponding termi- 
nals of the terminal box 1 7 later. In a fifth process, more- 
over, a second filler sheet 14b is put on the spacer 15 
in the same manner as in the fifth process (FIG. 8A) ac- 
cording to the first embodiment. In a sixth process, a 
cover film 16 is laid over the spacer 1 5 in the same man- 
ner as in the sixth process (FIG. g) according to the first 
embodiment. In a seventh process, the output end por- 
tions 1 3b 3 are bent in opposite directions along the cov- 
er film 16 and fixed temporarily to the cover film 16 by 
means of adhesive tapes 22 in the same manner as in 
the seventh process (FIG. 1 0) according to the first em- 
bodiment. 

[0051] The photovoltaic module according to the fifth 
embodiment can also achieve the object of the present 
invention for the same reason as the first embodiment. 
[0052] FIG. 21 shows a sixth embodiment of the in- 
vention. A photovoltaic module M' according to this em- 
bodiment is provided with a plurality of crystalline pho- 
tovoltaic cells 112 arranged on the back surface of a 
transparent substrate 111. The opposite-polarity elec- 
trodes of these ceils 112 are connected in series with 
one another by means of lead wires 113, which double 
as output fetching lines, and a busbar 114. The busbar 
114 has, for example, two bent portions 114a. One end 
portion 114b of the busbar 114 is connected to one of 
two redirected photovoltaic cells 112, among other se- 
ries-connected cells 112, while the other end portion 
1 1 4c of the busbar 1 1 4 is connected to the other cell 1 1 2. 
[0053] The photovoltaic cells 1 1 2, lead wires 1 1 3, and 
busbar 114 are all buried in a filler (not shown) on the 
back surface of the transparent substrate 111 . A cover 
film covers the filler in the same manner as in the fore- 
going embodiments. Further, output fetching lines 115 
are connected individually to those photovoltaic cells 



1 1 2, out of the series-connected cells 1 1 2, which are sit- 
uated at the opposite ends of the circuit. Each line 115 
has one or more bent portions (not shown) that resem- 
ble the bent portions 114a. The output fetching lines 115 
s are drawn out of the module M' and connected electri- 
cally to a terminal box. 

[0054] In the sixth embodiment, the busbar 114 itself 
also doubles as an output fetching line, so that any other 
output fetching lines to be prepared independently of the 

10 busbar 114 need not be soldered to the busbar. Since 
the wiring direction of the busbar 114 or output fetching 
line can be changed by means of the two bent portions 
114a, the point where the wiring direction changes re- 
quires no soldering. Thus, the incidence of connection 

is failure attributable to soldering is lowered, and the qual- 
ity and yield of output fetching wiring units between pho- 
tovoltaic cells can be improved. Further, the workability 
of the output fetching wiring units is improved, so that 
the manufacturing cost can be towered. 

20 

Claims 

1 . A photovoltaic module with a plurality of photovolta- 
25 \c cells, characterized by comprising: 

a busbar (13, 114) including a busbar body 
(1 3a) connected electrically to the photovoltaic cells 
(1 2, 1 1 2) and an extension (1 3b) extending integral- 
ly from the busbar body (1 3a) and serving as an out- 
30 put fetching line. 

2. A photovoltaic module according to claim 1 , which 
comprises a transparent substrate (11), the photo- 
voltaic cells (12) arranged on the back surface of 

35 the transparent substrate (11 ), an electrical insulat- 
ing filler (14) covering the respective back surfaces 
of the photovoltaic cells (12), and a cover film (16) 
covering the filler (14), characterized by comprising 
the busbar (13) including the busbar body (13a) 

40 connected electrically to the photovoltaic ceils (1 2) 
and embedded in the filter (14) and the extension 
(13b) long enough to project from one end (11a) of 
the transparent substrate (11), the extension (13b) 
being drawn out through the cover film (16). 

45 

3. A photovoltaic module according to claim 2, char- 
acterized by further comprising a spacer (1 5) inter- 
posed between the photovoltaic cells (12) and the 
extension (13b), and said busbar extension (13b) 

50 includes laminated portions (1 3bj , 1 3b 2 ) bent along 
the spacer (15) and an output end portion (1303) 
drawn out through the cover film (16). 

4. A photovoltaic module according to any of claims 1 
55 to 3, wherein the extension (1 3b) includes a bent 

portion (13bf, 114a) turned down to change the 
course in the middle in the longitudinal direction of 
the extension (13b). 
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5. A power generation system having a photovoltaic 
module with a plurality of photovoltaic cells, the pho- 
tovoltaic module comprising a transparent sub- 
strate (11), the photovoltaic cells (12) arranged on 
the back surface of the transparent substrate (11 ), s 
an electrical insulating filler (14) covering the re- 
spective back surfaces of the photovoltaic cells 
(12), a cover film (16) covering the filler (14), char- 
acterized by comprising a busbar (1 3) including a 
busbar body (1 3a) connected electrically to the pho- 10 
tovoftaic cells (12) and embedded in the filler (14) 
and an extension (1 3b) long enough to project from 
one end (11a) of the transparent substrate (11 ), the 
extension (1 3b) being drawn out through the cover 
film (16). is 

6. A power generation system according to claim 5, 
characterized by comprising generating elements 
each including a tile body (4) constituting a roofing 

tile and the photovoltaic module (M) incorporated in 20 
the tile body (4). 
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